Blood specimens from normal individuals and patients (with and without blood dyscrasias) were sent through a 1,423-m pneumatic-tube system that included two monitoring devices, three switches, and 67 bends (62 with a 152-cm radius and 5 with a 76-cm radius), and then returned to the central laboratory. Each specimen was thus subjected to twice the trauma it usually would receive during transit. After transit, these specimens and duplicates kept in the laboratory were analyzed in the same manner for serum or plasma Na, K, Cl, C02, Ca, P, LDH, urea, uric acid, glucose, creatinine, total protein, fibrinogen, hemoglobin, and bilirubin. Filling the tubes completely with blood and using a foam-rubberIined vinyl insert to hold the specimen tubes in the carrier decreased the differences attributable to transportation. Allowing the blood to clot before transport did not alter the results. Increases attributable to transport occurred only in hemoglobin, LDH, and K. Values were altered considerably less when the transported aliquotmade only one leg of the tripvia pneumatic tube. The alterations observed forthe remaining analyses were within laboratoryerror.The pH of whole blood and the mean for P0. were not significantly altered, while the mean value for P0,was increased 1.7 (0.5 to 4.5) mm Hg on transport.
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Additional Keyphrases

Materials and Methods
Descriptionof System
Carriers.
A It is then routed to the hospital, at which point it is decelerated through a system of reducing chambers before it is introduced into a second monitor, which in turn reroutes it to the clinical pathology laboratory on the fourth floor. The maximal speed of a carrier within the system is approximately 9.75 rn/sec. We have not been able to detect a change in temperature of the insert or contents during transport.
The carriers (Figure 1 ) are made of methacrylic acid ("Plexiglas") with a leather hinged flap at one end and a station selection control at the other end. Metal strips on the side of the carrier allow the monitor to sense which station has been selected.
Inserts. Two kinds of inserts were used for transporting blood specimens.
The first insert was made of wood (maple) with holes drilled to fit 16-by 125-mm sample tubes. Sponge rubber was placed by a metal rod, a wooden cap, and a wing nut. Two such units could be inserted into the carrier, which had a 5-cm sponge-rubber pad on the bottom.
These units allowed us to transport 16 tubes per carrier.
The second insert, which we are currently using, is made of vinyl and lined with sponge rubber (Model 4714, medium insert; C. K. Kelley and Sons, Houston, Tex.). It is designed to fit the entire "Plexiglas" carrier so there is no slack and the insert does not move around in the carrier. A leather belt with loops sewn at angles of about 60#{176} is used to hold the blood samples away from each other in the insert. There is room for 10 tubes in each insert. 
Constituents Measured
Results
Variation.
To establish reproducibility of methods, 10 samples were drawn from the same person, without stasis, into 10-mI "Vacutainer" tubes, allowed to clot for 30 mm, rimmed, centrifuged, and analyzed. (Table 2) .
Urea and glucose were determined on separate specimens of whole blood that had been collected in oxalate and fluoride. The tubes were filled to at least 80% of their capacity and subjected to the round trip. Mean values for control and transported specimens were similar, the differences being within those shown in Table 1 for laboratory error. Since data for differences observed on transported and control specimens were within analytical error for a number of chemical constituents, they are not presented in all Tables. Vinyl inserts. It soon became apparent that the wooden inserts were too heavy for the "Plexiglas" carriers.
The carriers began to break, and the reduced pressure was not great enough to pull the carriers to the station, causing the tube to become obstructed.
Of other inserts investigated, the vinyl insert described above was satisfactory from an engineering standpoint. To evaluate the new insert, we obtained blood specimens from 30 patients and laboratory personnel. Duplicate specimens were drawn in 10-ml Vacutainer tubes and then treated as in the first study ( Table 2 ). The only values altered by transport were potassium, hemoglobin, and LDH, those that would be affected by cell destruction.
Potassium remained the same or was 0.1 mmol/liter greater in the majority of samples transported. Four samples had a significant increase in potassium. This increase could be accounted for in three of the samples by visually apparent hemolysis. Potassium was increased in one specimen by 0.6 mmol/liter, but the specimen showed no hemolysis and we were unable to account for the increase. Although hemoglobin was increased by the transport in most specimens, the increase seemed to be smaller with vinyl inserts than with wooden inserts. LDH was increased in 29 of 30 specimens.
The impression that less cell destruction occurred in samples transported in vinyl inserts was confirmed in a direct comparison of the two types of inserts with 11 duplicate blood samples. Sodium values were not affected by the type of carrier. Potassium values were higher in the aliquot transported in the wooden carrier (mean, 4.5 mmol/liter) than in the one transported in the vinyl carrier (mean, 4.3 mmol/liter); the range of differences was 0.0 to 0.6 mmol/liter. Hemoglobin values were greater in the specimens transported in the wooden carrier (means, 23.3 and 6.6 mg/100 ml; range of differences, -1 to 67 mg/100 ml).
Effects of disease. Patients
with hematologic diseases may have blood cells that are more friable and less able to withstand the stress of the transport system as compared to those from other patients. Blood samples from six such patients were obtained (one with agnogenic myeloid metaplasia, one with polycythemia vera, one with malignant lymphoma with bone marrow involvement, and three with chronic lymphocytic leukemia of the lymphosarcoma type). Of the various values measured, only hemoglobin and LDH were increased by transport, but to no greater extent than in blood from healthy patients.
Unclotted blood. Duplicate specimens of oxalated whole blood were collected from 46 patients for whom plasma fibrinogen analysis was requested. One specimen, in a tube filled to more than 80% of capacity, was transported to the hospital and back with use of the vinyl insert. The mean values for transported samples and controls were similar and the differences between duplicates were 30 mg/100 ml or less, a variation similar to the analytical variation shown in Table 1 . To determine if transport of unclotted blood would yield different values, 10 duplicate samples were drawn into 10-ml Vacutainer tubes, and one tube from each set was sent through the system within 10 mm. These samples were not clotted The differences in phosphorus concentration were within laboratory error. Because in practice the specimens are transported only one way through the system, a comparison was made of 24 samples subjected to this one-way trip (Table 5) . Changes in sodium concentrations were within laboratory error. Potassium remained the same in 13 specimens and increased by 0.1 mmol/liter in 11. LDH activity increased in all specimens, but the mean difference was half that for the round trip. The mean difference in hemoglobin also was less than for the round trip. The mean increase in phosphorus was the same as before.
Effect on pH, blood gases. Finally, we investigated whether blood gases and pH could be determined '3, 5, or 7 ml of whole blood was placed in tube with total capacity of 10 ml.
reliably on whole blood that had been transported via the pneumatic tube. Duplicate samples were obtained in 5-mi heparinized Vacutainer tubes. One duplicate was placed in a plastic bag containing crushed ice and retained in the laboratory. The other was placed in a plastic bag containing crushed ice, and the bag was sealed, placed in the vinyl insert, and transported to the hospital by messenger; it was returned via the pneumatic tube. The pH values were not altered by transport; the mean was 7.39 for both sets of samples (range of differences, -0.01 to 0.0). The mean values for P00, were 39.9 and 40.3 mm Hg for control and transported samples, respectively (range of differences, -2 to +4.8 mm Hg). The values for Po, were increased by transport (means, 27.9 and 29.6 mm Hg for control and transported samples; range of differences, 0.5 to 4.5mm Hg). 
